A cycloheximide-resistant mutant which also displays coreversion of leu2-1 UAA and met8-1 UAG mutations was isolated and characterized in the yeast, S. cerevisiae. One of the ribosomal protein (L23) differed electrophoretically in the mutant strain from that of the parental one. Diploid cells heterozygous for the mutation contained both altered and normal proteins and gave rise to tetrads of 2:2 segregation for the protein alteration, indicating that a single structural gene coding for L23 protein was mutated.
INTRODUCTION
The ribosome is a highly organized organelle in consideration of the concerted gene expression of its constituents.
In the yeast, Saccharomyces cerevisiae, the cytoplasmic ribosome contains 4 species of RNA and approximately 75 species of protein. All copies of the rRNA genes have been found to form a tandem cluster on chromosome XII (Petes 1979) , while genes for most ribosomal proteins (r-proteins) are thought, according to studies on drug resistant mutations, to be dispersed throughout the genome (see Warner 1982 for review). Recent gene cloning experiments have shown that a number of r-protein genes may be duplicated and are not significantly clustered. (Woolford, Jr. et at. 1979; Woolf ord, Jr, and Rosbash 1981; . The synthesis of most r-proteins is known to be regulated coordinately under a variety of cell growth conditions (see Warner 1982 for review). To acquire a thorough understanding of the mechanisms of coordinate regulation at the transcriptional level, additional information regarding the gene distribution on genome is required. Little is known about the location of r-protein genes on chromosomes. Only 4 genes have been mapped, namely CYH2 (r-protein L29) on chromosome VIIL (Stocklein and Piepersberg 1980) , TCM1 (L3) on XVR (Grant et at. 1976; , CRY1 (59) on IIIR (Skogerson et at. 1973; Grant et at. 1974; Larking and Woolford, Jr. 1983) , and possibly sup46 (S11) on IIR (Ishiguro et at. 1981; One et at. 1984 
MATERIALS AND METHODS
Strains and culture conditions: The strains use in this work are listed in Table 1 . For scoring of genetic markers, minimal medium (0.67% bacto yeast nitrogen base w/o amino acids, 2 % glucose, 2 % agar) containing appropriate supplements (SC medium) was used. For the ribosome preparation, cells were grown aerobically in liquid YPD medium (1% yeast extract, 2 % peptone, 2 % glucose) at 27°C, and harvested at the late logarithmic phase of growth.
Isolation and genetic analysis of the mutant:
Strain B0133-3B was treated with N-methyl-N'-nitoro-N-nitrosoguanidine (16 pg/ml) for 5 h as described by Hartwell (1967) . The cells were then washed and cultivated in YPD medium overnight at 27°C. In order to isolate suppressor mutants which are also resistant to protein synthesis inhibitor, cycloheximide, the growing cells (>108) were spread on a synthetic complete medium (SC) lacking leucine and methionine, which contained cycloheximide (5/ml).
A parental strain, B0133-3B can not grow on this medium, because the strain is sensitive to cycloheximide and requires both leucine and methionine for its growth. One of the mutants which was able to grow on this medium was isolated, and designated as strain J1007. The genetic procedures for crossing, diploid isolation, sporulation, asci dissection and testing of markers were those described by Sherman et al. (1982) . For the trisomic analysis, strain J1007 was crossed with a mater diploid strain (a/a mating type), DK-13D and the resultant triploid was sporulated and dissected. Disomic haploid strains were obtained from the germinated spores. The disomic haploids were then crossed with normal haploids having appropriate chromosome markers (Table 1. ) and the resultant trisomic diploids were sporulated and dissected. To determine which chromosome had an extra copy, segregation of the markers was examined by tetrad analysis.
Preparation
of ribosomal proteins and two-dimensional gel electrophoresis : 80S ribosomes were prepared according to the same method described by Torano et al. (1974) . Ribosomal proteins were extracted with 67% acetic acid and lyophilized as described by Sherton and Wool (1974) . Two-dimensional gel electrophoresis was performed as described elsewhere (Ishiguro, 1981) . Nonequilibrium pH gradient gel (pH 3.5 to 10) and acidic gel (pH 4.6) were used in the first and second dimensions, respectively. In S. been found in antibiotics-resistant mutations or omnipotent suppressor mutations (see Warner 1982 for review) . In this study, both cycloheximide resistance and suppressor activity were used as phenotypes to select novel ribosomal mutants. Ribosomal proteins from the mutant strain J1007 obtained in this study were analyzed by two-dimensional gel electrophoresis.
One of the ribosomal proteins was found to differ in the mutant from the parental one, as shown in Fig. 1-a, b . The protein, designated as L23, is acidic and belongs to the 60S subunit (Ishiguro 1984) . From the relative mobilities on two-dimensional gels, this protein may correspond to L26 described in the previous report (Ishiguro 1976) , to L24 in Kruiswijk and Planta (1974) and to YL31 in Otaka and Osawa (1981) . It is of interest that the drastic change in isoelectric point of the protein by mutation did not affect cell growth (doubling time, 100 min) and ability for sporulation.
The mutant was crossed with a wild strain 0G7-2C, and then ribosomal proteins from the resultant diploid were analyzed. As evident from Fig. 1-c , both altered and normal L23 proteins were detected in the diploid cells, indicating that the structural gene itself may be altered by mutation. Next, meiotic progenies (tetrads) were isolated from the diploid, and the segregation of both gene markers and pro- tein alteration were examined. In each two sets of the tetrads, two segregants contained the altered L23 and the remaining two, the normal one (Table  2) . Thus, a single gene must be responsible for the protein alteration.
In the yeast, a number of r-protein genes are present in more than one copy per genome . Quite recently, Abovich and Rosbash (1984) found duplicated genes for r-protein 51 (RP51A and RP51B) to both be expressed. Contrary to the finding, acidic r-protein L23 may be encoded by a single cistron because of the 2:2 segregation for the protein alteration in the tetrads. The mutant strain, J1007 acquired the resistance to cycloheximide and reverted the leu2-1 UAA and met8-1 UAG mutations, as shown in Table 2 . In order to ascertain correlation between the phenotypes of the resistance or reversion of the nonsense mutations and the protein alteration, a lipoid strain was constructed to be homozygous for the suppressible marker, leu2-1 and met8-1, and heterozygous for cycloheximide sensitivity.
In the tetrads obtained from the diploid, alteration of the L23 protein did not cosegregate with any phenotypes of cycloheximide-resistance or reversion of leu2-1 and met8-1. The marker genes, lysl-l, ura4-1 and his5-2 segregated 2:2 in the tetrads indicating that the meiosis was normal. These results mean that the alteration of L23 was not related to any phenotypes used to select the mutant. In other words, the ribosomal mutation was found accidentally in the strain, J1007. Since the phenotypes of resistance or reversion of nonsense mutations can not be used as genetic markers for the protein, a trisomic analysis was Seven disomic strains out of twenty examined were found to have both altered and normal L23 proteins (Fig. 1-d) , indicating that they had extra copies of chromosome on which the structural gene for L23 protein exists. Two of the seven strains, T1A-11 and T1A-22, were used primarily for the trisomic analysis. They were crossed with normal haploids as shown in Table 3 . The resultant trisomic strains were then sporulated and dissected. Segregations of these markers were examined by tetrad analysis and the results are shown in Table 3 . If a chromosome is duplicated, a marker gene on the homologous chromosome derived from the normal haploid will segregate abnormally, i, e., 4:0, 3:1 in addition to normal 2:2 segregation.
Clearly, from the table, two types of segregations, being only normal 2:2 or irregular 4:0 and 3:1 segregations, can be seen. Apparently, only chromosome X is duplicated in both the T1A-11 and T1A-22 disomic strains and thus is a likely candidate for the L23 protein gene. However, the ura 2 gene on chromosome X in the disomic strain T1A-103, was found to segregate 2:2 normally (Table 3 ). In addition, four disomic strains including T1A-103 were examined for the segregation of several chromosome markers (data not shown). After the trisomic analysis, ribosomal proteins from the disomic strains used were reanalyzed.
All strains examined had both altered and normal L23 protein, indicating extra copies of chromosomes containg a L23 protein gene to be stably replicated during mitosis. Taken together, these results indicate that a gene for L23 protein may not necessarily be present on the chromosomes I through XVI examined. However, it should be borne in mind that a segment of an extra chromosome involving the chromosome marker but not the L23 gene may possibly be deleted and the resulting deficient chromosome also able to be replicated stably during mitosis. Recently, Wickner et al. (1983) reported that a KRBI (killer replication bypass) gene is not on chromosomes I through XVI and thus defines a new chromosome XVII. Although the possibility that the disomic strains examined in the present study have the deficient chromosome (s) cannot be ruled out, it seems reasonable to conclude that a structural gene for L23 rprotein is also present on chromosome XVII.
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